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ByHarveyH.Htdhard,MarvinF.Buqws,
andMwriceA.~1.ster

-~ resultsarepresentedofantuvestigationontheflutter
ofpropellerbladeswiththreedifferentplanfarms.IkLtafora proposed
supersonicpro@lerhavinghlgbQtwisted2-percent-thickbladesindicate
thattheflutterboundariesareccmplexandthatseveralmalesofflutter
areinvolved.Datafora 6-percent-thickbladeforwhichbuththeM@
Machnuuiberaudthelowkchxumberflutterbmmdarias areobtainedIn
detailindicatethatMachnunibereffectscanbebeneficialin~w
flutter.Resultsfortwo3-percent-thickbladeshavingdifferentinterml
@qPm shm thatanincreaseintheinternaldampingisbeneficialti
reducingthemagnitudeofthestressesbothduringflutterandforcondi-
tions & blade=sonance.

m!cRclDuCTIm

StallflutterIsrecogplsedasoneof

.

the mostSeriousVibratiml
problemsencounteredinpro&llerandcompressoroperation.Althougha
lsrgemountofInformationIsavailablefrcmfull-scaletestsuvera
periodoftimefrcmWorldWarI tothepresent>thesedataareUf’fYcult
tocorrelatebecauseofthewidevariationsofthetestconditions.A
fewsystematicstudiesareavalkbleinwhichattemptsweremadetoiso-
latetheeffectsofsawsoftheslgnlficarrtparamkrsIntheproblem.
Reference12Inparticular}containsdataontheeffectsoftorsional
stiffnass2sectionthicknessratio>sweepback,mh--d mtiozmctim
center-of-gravitylocationzbladetwist)bladetaper,Machmmiber,and
flulddensity.A criteriaIsalsopresentedinreferente 1 whichstipu-
latestheconditionsmcessaryforflutter-freeoperationofpropdkr
blades.
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ThepresentpaperContainsresultsofanInvestigationonthaflut-
terofpropellerbladeswiththreedifferentplanforms.MM M the
data~ obtdnadinthesmm reamerasthoseofreferencelandsre
extensiausofthatwork.8peclflcattentionwasgiventotestsofa sug-
gestedsupersonicpropellerlwingblgbJYtwisted2-percent-thickblades.
TMsmodelwasoperatedoveratypicalblade-angbrangeinorderto
defineitsboundariesfortomiomsbending,andbending-torsionmodesof
flutter.Testswere-O madewitha 6-percent-thickpropellerinwhich
thespeedofsoundd?themedlumwaschangedincmdertostudytheshsPs
C&theflutterboundariesparticularlyforthehigherB&chnuuibersof
operation.Inadditionssmu3effectsofstructuraldampingm thaflut-
terboundariesaswellascmthebladestresse6duringoperationnearthe

a

b

flutterboundarywerestudie~foranuntwisted
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locationperunitlength}slug-ft2/ft

Southwellcoefficient

blade&n@h, ft

M3chmmiber
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prope~ rotational.speed}rpa

nondhmnalonalradiusofgyrationofbladesectionaboutsec-

tioncenter-of-gravitylocationsw
bladeVdocity,ft/8eC

flutter-speedcoefficient

bladeangle,deg

relatlve-densityfactor

maaadensityofoperatingmdlum,aluga/cuft

naturaltorsionalcircularfregpency$radlana/aec

Wbacript:

0.81 referredto0.8-blade-lengthstation

APPARATUS

TeatFacillty

NatawereconductedintheIangleyvacuumaphere$prevloualy
describedinreferencelstiwhlchbtitheapeed~aoundandthe~a-
aureofthemediumwerevaried.Freaaurearangingfrcm~/6 atmosphere
tofullatmospherewereusedInthepresentteata.MixturesofFreon-12
andairwereusedinvarlouaprop-ionstogivespeedsofsoundfrau
apprmdwltely550tolJOOfeetpersecond.A 500-hcmaepower~iable-
apeedelectricmotoruaausedtodrivethepropeXkrmodelswhichwere
testedatzeroad.e exceptfortheInducedflow.
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ModelBladesandH*s

Theplanfomsofthefourmodelbladestestedareshowninfigure1 “
andadditionalinformationshoutthephysicalcharacteristicsofeach
bladeIsgivenintdbleI. Thesemodelswarealltestedasone-blade
cmfigurationswithsuitablecounterwei@tsattachedasinreference1.

Wdel 1 (modelof proposed steel supersonic propeller)wasa twisted
bladewithHACA16-seriessynmlz’icd.airfoilsectionsandwasofsolid
~~ construction.ItwastestedIna flxsd-pitchMb fomthe
-ose ~ ~ * flutterregi~ f= u ~~g w (2.~-
thick)bkde. Blade-plan-fmucurvesforthismodelaregiveninf@lre2.

Model2hadanMAC/i= airfoilsection,wasuutulsted$andwasof
solidalminum~ construction.u bladewastestedInboththe
fixed-andcontrollable-pitchlnibsforcfzlson. Mostofthetesting
wasdonewiththecontrollable-pitchhtiforthepurposeofmorecarefuUy
ddembhg theboundariesofthefltierregions}particularlytheupper
boundaries.

Models3aand>M@re Menticalinplanfw.’manddlfferedonlyinthe
methodofConstrwtion.They~ untwistedandhadNMA M-003airfoil
sections.Model% wassolidsteelwhereasmodel3bconsistedoftwo
laminaticmsofsteelbondedtogetherflatwlsewith‘Cydeweldcemmt. -.
Theobjectiveinlaminatingmodel3bwastointroduceaddltlcm2.imhrnal
Madedampinginthesamnmmner asdescribedInreference2. Bothof
thesemodelsweretestedIna fixed-pitchMb. b

Instrumentation

Bendingandtorslanstrdnsneartherootofthebladewereobtained
by~ ofstraingageslocatedasshowninfigure1. Osciuograph
recordingsweremsdefrcanwhichfrequenciesofOscluationweredeter-
mined.Theratatlonalspeedzwhichforserof~ velocityisequiva-
~ totheresultantV&Ocity>-S recordedOntheS- =COU& Blade
@s~~~~*ProP* msatrest h allcases.Twist
anglesweremsasuredopticallywiththeaid’ofstroboscopicllghtduring
thetestsd’modellandhavebeenincludedinthepresentationofthe
dataasanaldintheInterpretationofthetestresults.

Thesam general-procedureswereusedInthepresenttestsasfor
thetestsofrdkreme1. Ata givenatmosphericpressureandblade
=@eZ ~ w== * at*U r~ti~ z~s *il fl~* -
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obtained.Resultsofseveralrunsatd3f’ferentbladeangleswereusefU
Indefiningtheflutterboundfxries.ForS- casesinWhicha controUab&-
pitchhubwasused,bothbladean@eandrutatioualspeedwerevariedduring
theruntoexpeditethedefinitionofcertainportionsM theflutter
boundary.

Flutterspeed,asMined inthispaper,isthelowestspeedatwhich
a sustainedoscillationineitherbendingortorsionwasdetected.b
S- Instancesformodels* * 3bwhereflutterwasnotsevere,theflutt-
er speedwasexceededinordertoObtaiIlstressdatainstdethefhztter
b~. Itwasalsopossible,insam cases,topassthrougha given
flutterregionandtodd’ineutherflutterregionsathigherspeeds.

~q-6-MfiedtithePW= weredetermlnedfrauthedecre-
llMltSofstrain+a@Si&JlldSrecordedwhilethebladesweremountedinthe
hubs,whichwereinallcasesmountedonthamata shaft,butnotrotating..

RESUUPSANDDIWUSSION

L-

.

u
.

!Cheresults of fluttertestsonthepropellermodelsllstedin
tableI arediscussedundertwoheadings.Theeffectsofsuch~ers
asthickness,built-intwist,Wch nuuiber,andstru&xraldemplngonthe
shapeM theflutterb~ es- f’lmtdiscussed.Thesedataarepre-
setiedcouventlonallyintheformofflutter-speedcoefficletisasa func-
tionofbladeangle.Sanediscussionisthen@vantothebendingand
torsionalstresses=asuredInthevicinityofthestallflutterboundary
fortwomodelsdifferingIntheiramoulrtsaPInternalbladedamping.

.
.

Effects of V=lousParametersautheStall.
FlutterBoundaries.

Thiclmessandbuilt-intwist.-!Cheresultqofthefluttertestson
model1 arepresentedInfigure3. Dataareplottedinthefomuof
flutter-speedcoefficientsasa functionof‘bladeangle(which,as
explainedlater,includesblEdetwist)fordensityvaluesoftheoperating
mediumC&0.00079and0.00040slug/cuft. m theterm (v/bma)oo8z,v
is the velocityofthepropellerbladeatthe0.8-blade-lengthstatti,
b isthesemiclu’datthatstation,and ~ isthebladenaturaltom-
Sionalcircularfrequency. Also notedinthefigure~ theflutter
frequenciesuhlchcanbec~ withtherotationalftqyanclesofthe
right-handverticalscale.Ingeneral,therecordedfrequenciesofthe
dataplottedinfigure3 arenotIntegralmultiples& therotational
speed.

. . .. . .--. ..—-. ——___ — .— .-— -.— -—.—— —- --- -
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Model1 wastestedatreducedpresmmetomakethepresenttestcon-
dittOIIScauparabhtothe_t@J COnditiOIISOfthe~~OSad ~-SCale
propeller.Duringthesetests,themodelwasoperatedaer a tideblade-
- = ~ ordertodef~ Itsf’ltiterboundary.Becausethisblade
wasonly2parceIItthlckandbecauseofafairlylargeamountofbuilt-in
twist,particularattentionwasgiventoa &termlmtlonofthaamountof
twist-qencounteredduringtest~. ~ twtstEUl@SSwere~
opticallyfortheO.&blade-lengthstationandhavebeenindicated~ the
llnesoflongaashasinflgme3asanaidintheinteqmtaticmofthe
data.Theforcescmthebladetendingtotwht itresultfromthefol-
lowingCuuponents:(1)theaem@mmlc pitchingJluQEnts(2)thechord-
wlseccqmnentsofthecentrlf’ugalforces(ref.3),and~3)theradial
cauptis ofthecentrifugalforcestendingtodmaightentheblade
(ref.4). AlltheseeffectsareadditiveInthenegattveblade-angle
_ ~} hence$the~ oftwist-qislar~. Forpositiveblade
-~~ c~tis (2)d (3)qpo= eachotherand,hence,theamount
oftl?lst-upiskss. .

ThetestswereconductedbyInitiallysettinga givenbladeangle. andthenincreasingthespeeduntilflutterwasencoutrterad.Thelong-
daehadlinesinfigure3arelna senseoperatinglinessincetheyindi-
catetheactualbladean@easmeasuredduringtherunatvariousspeeds
asupposedtothestaticbladeangleJM?aewedatthastart& therun.
Inscmecases,ItwaspossibletopasscompMelythroughoneormore
flutterregionsbeforetheSuste&AOscillationsbec’amsufficiently
violenttocurtailthetesting.AsIndi-edInthefigure,threetypes
OfflutterWereobtainedforthismodel.~ @nerd, torsionalOscilla-
tionsandcoupledbending-torslcmosclllstiauswereassociatedwith
milderflutterthanthebendingoscillations.Asa metierofinterest,
thebladefailedwhllaoperatingnearthebandingflutterboundary.

Thedataoffigure3(a)bllcatethatItwouldbeverydifficultto
scheduktheoperationofthispropellerh sucha mannerastoavoid
theseflutterregicms.Ata lowereaibientpressure,however,aalnflg-
ure3(b),theflutterboundariesaresamihatdifferentanditappears
t~tthe~c-- IncreaaedInspeedwithoutencounteringflut-
ter,providedthebladeanglewerechangedwithspeedtoavoidtheflutter
regions.Thebendingflutterregionwaseliminatedentirelyinthemnga
ofthesetests,andtheWndlng-t=slonffiterregicmwasgreatlyreduced
inextent.~ torsionalosc~tionsencounteredwaredSO mtld fort~
q ofbu -S te~edandweresafelytraversed.HOattemptwas
mde atthisvalue& thedensitytoevaluatetheminimumflutter-speed
coefficientwhichwouldnormalQbeassociatedwiththehigherpositive
blade-S .

hkchmmiber.-Therewasmaneindication in the workofreference1
thattheflubterregionsofpropellersmlgbtbeMmitedmainlytothe
Stisonictip-speedrange.Thus,ata givenbladeangle,ifflutterwera

r,

.
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mrtencountered& toa tipspeedcomespondingto
approximately1.0,noflutterwuuldbeencountered
Thisresultsuggestedthattheqper extentofthe

7

a~nuiberof
athighertipspeeds.
flutterregimwas

MmitedbecauseofMch ndbereffects.This@wmenon is~ted
schematicaJQinthefollmingsketchwherea hypotheticalflutterregion
havtngbuthanupperanda 1- boundaryisplotted:

B
}
—— ———0

1°

Tip
speed

c

I:2:

I
. I I

Bladean@e A
E operationofthepropelleratpointO weredesired,a schedikof
eti~ ~ ~ch thebladea@e WaSfjrstincreasedto A andthen
thetipspeedwasincreasedtothedesiredoperatingpointmiglrtresult
indestructionofthebladesince~ aPtheflutterregionwouldbe
trsxersed.Ontheotherhandif’thetipspeed~flrstlncreasedto
B,thebladeanglecouldthenbesafelyIncreasedtothedesiredoperating
pointwithoutencounteringflutter.Theuseofa comtrdlable-pitchMb
Inthesetestsofmodel2 hadtheobjectivesofdeflntngbaththaupper
andlowarflutterboundariesandofexploringinnun?edetailthepossi-
bilityofthistypeofoperatingprocedure.

Themainvariableinthesetestswasthespeedofsoundofthe
-t- -~= ~-ts - *- h f@ure4 in whichflutter-speed
coefficientsarepluttedasa functionofbladeangleforthreevalues
ofthesound-speedcoefficient.Sound-speedCOC?fftCtitiiSdefinedas
(~cJa)o&~ - b isthebladesemichardatthe0.8.blade-length

●

station,CoaistheftisttorsionalcircuMrfreqymcyofthebladie,
and a Isthespeedofsound& theopezatingmdium. Atthelowest
valueofthesound-speedcoefficiti,tich Incidentdlycorresp~ to
thefullatmospberlcdensityinairforthtsmodel,onlythelouarper.
tiauoftheflutterboundarywasdefinedbecaused stressMmltatims.
tigeneral,itcanbe seenthattheflutterregionbecmessmalleras
thesound-speedcoefficientbecanesMger. Thetrendoffigure4 indi-
catesthat therewouldbenoflutterregionatallata valuesli@tly
_ t~ 0.51=TMs trendisa conflrmatimofthef~ ofref~.
ence1 andappearstobeaMachmmibereffect.

..— ----- .—. - .—— ___ .—. — — ..- .-
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Thedata
moredirectly
is pluttedas

of figm-ekarereplottedin figure5toshowthiseffect
asa functionofMachnuniber.Thelkmhndberatflutter
afunctionat’bladeanglefortbreevaluesaE’thesound-

EIp2edCoeffickrt. Itcanbeseenthatflutteroccursovera mwaller
blade-anglerangeatthehigherMachnunibers.Ata sufflcientlyhlgh
Machmmiber,safeoperationofthispropellerabovetheflutterbouudary
tSpossible.TheMachnlmiberwasflJ?ti~atlow bladeangles
andthenthebladeangkwasincreasedtohlghervalmesuhlleMaChnum-
berremaindconstamt.W a fewcases,Itwasthenpossibletoreduce
Machmmiberforthepurposeofdefti~ theupperflutterboundary.For
thisparticularpropeller,theclassical-flutterspeedwaseitherhigher
thancouldbe obtainedInthetestsordidnotexistatallforthese”
Condttim.

structural aampq.- Increasingthe structural dmqpinghasbeen
suggestedasauayat’increasingtheminhmuSW f~ter speedof~0-
pellerblades.Onenusthodthatsuggetisitselfistoadddemplngatthe
root-oftheblade.AnothermethodistheadditionaEdampingInthe
bladeitselfashasbeensuggefiedIn~erence2. Saw attem@thasbeen
madetovaryboththebladeandhubdsmplngduringthepresenttestsand
theresultsofthesetestsemsdiscussedInthissection.

heffectd~-ingonti f-erisshown infigure6
wheretheflutter-speedcoefficientispluttedasa-functionofblade
Q for* *S ofthetorsionaldampingcoeff’icierrt.Thesedata
areformodel2 testedinfullatmosphericdensity.Thestructural
dsnmingcoefficledmapplytotheMb andbladeIncdblnationandwere
obtainedwhilethebladewasnotrotatl.ng.T!heUfferencelnthedsmplng
isbalievedtobeduetothedifferencesintheluibssincethemblade
isusedinbothcases.Theresultsoffigure6 Indicatethat~S~
thetorsionaldampingCoefficientfran ~ = 0.004to q = 0.022was
effectiveInIncreasingtheminimumflutter-speedcoefficientbyapprowl-
mately40percent● TblsresultIsinconformitywiththoseobtainedfor
thathinwingslnreference59

~orderto studytheeffecttiimbrnalbladedsnqing,models>
and3bwerefabricatedandtested.Mddel> wasofsolidsteelconstruc-
tionandthushadrelativelylowInternal-*- Moae13b-ti
laminatedconstructiondesignedtogiveincreasedixbrnal-*= =
msthodofconstructicmwasthesameasformodelVti reference2 inas-
muchasthatmodelseemedtogivethelargestIncreaseininternaldmqplng
UverthebasicCcwd?iguration.

Thevaluesof torsionalds@ng coefficient~ foreachofthese
twomcdelsmountedina =-pitch lnibomthemotorshaftaregivenIn
fIgure7asa functionoftibrslmrytaslondstress.Thedaqpingin
eachcaseisseentobeapproximatelya Ilnaarfunctionofthestress
fortheq & thete6ts.Forthesolidblade,thedsmplngIsseento

.

.
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000023to0.0043,which
obtainedInreference2

isC&thesameorder
duringbenchtests.

9

of

uveralldampingvaluesereseentobaappxxLmately50percenthigher
fortheled.nated bladethanforthesolidbladeatccqparablestress
values.Itisbelievedthatthisincreaseoverthebasicconfirmation
isanindlcatlonofthechangeinthebladedm@ngslncebothmodels
weretestedinthesmM hub~~ ● !l?hiSimreaseindamplrlgis
mch lessthanhadbeenanticipateda thebasis@ resultsInrefer-
ence2.

Theeffectsontheflutterboundariesoftheadditionaldemplng
obtainedwithmodel> m showninfigure8. Theflutter-speedcoeffi-
cietisareplottedasa fuuctiauofbladeanglefortwodifferentdensi-
ties.Atfullatmosphericdensity(p= 0.00238slug/cuf%),there-
nonoticeableUf’ferencesintheflutterb~es fortherangeofthe
tests;however,at1/4atmo@eric density(p= 0.00059slug/cuf%),the
bladeha- theh@er deq~ dSO hadscnu?whath@herflutter-speed
coefficientsasIndicatedh figure8(b).

BladeStressesE theFlubterBouudery

Smstressda!tauererecordedfarmoaele>and> lnorderto
evaluatetheeffectsoftheadditlanalinternal.daqlngofmodel3b. It
wasnotedthatInthevlcinltyoftheflutterb~ severalresonance
conditionswereencoudxmedduringwhichratherhighstresseswerenoted.
InordertoassistintheInterpretationofscamofthestressdata,
figure9hasbeenprqaredtogivethefrequmcyepectraofthesetwo
modelblades.

h frequencyspectrashowninfigure9 bythesolidlhes consist
ofthefirstbending,secondbending,andfirsttorsionalbladefre-
quenciesplottedasa functionoftherotationalspeed.Alsoshownby
thedashedlinesaretherotationalhm?monlcsaeorderltog.The
valuesofthebladefheqpenciesatzerorotationalspeed- masured
andareapproxhmtelythesameforbothmodels.Theeffectsofrotational
speedontheftistandsecondbendingfrequencieswerecalculatedby~
oftheSouthwellrelation:

(fn)2= (f-)’ + ‘2

where K iSthe80utM COeffiCi@Xtwhichdqe13dSf= itSvZd.USOnthe
- bladegeanetry,angleofattack,andthemodeofvibration.Forw --
culetiansM thispaper,thevaluesti K forthebendingfreqpencles
weredekmlnedbyextrapolatingthosepresentedInreference6 tothe
blade-d’f’setvaluesofthesetests.Theeffectofrotationalspeedcmthe
torsionalfregyencywasest=tedfimmtherecordedoscillationfrequencies
fora bladeangl.aof24°.

.

@
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Thebladetc&ionalandbendingvibratoryStreSSeS,reqectivdy,
areshowninfigures11landllasafunctionofrotatianalspeedfor
models> andz. Ihtawareobtainedfortwoblade- settingsnear
thestallandforairdensitiesof0.00@3and0.00Q59slug/cuft. Data
shownInthefiguresareconsideredrepresemtatlveM thoseofthetests
andallowa ccsuparlsonofthestressesdlrect~fortwobladeswhichhave
differentInternaldampingW whichareotherwisenearlyidentical.It
isalsopossiblefrcauthedatap’esentedtonotethe#fectsofdensity

. OfthemdiumonthemasuredstreBses.

mm’hwthe tests,severalmaJorresonancepointswerenotedfor
whichthetorstonalstresseswerefairlyM@. Thenmximumstressesat
therotationalspeedsoftheseresonances~ recordedandarepresented
inf@me lo. Thestressesaregenerallylowerforthebladethathas
thelargersmountct!daqing(model3b).Aswasnotedprevious~the
_ fiseinthestressesatflutterwasnotappreciablyretardedat
atmosphericdensityof0.00238slug/cuftasindicatedinf

T
s lo(a)

and10(b).Ata loweratmosphericdemsity(p= 0.0CK59slugcuf%),the
riseinflutterstressesisdelayeds~t forthebladewl.thaddi-
tionaldamping.Atthehigherdensity,itwasnotposslblatopenetrate
thaflutterregiontoanygreatextentbyIncreasingspeedbecauseof
thisrapidriseinthestresses.Atthelowerdensity,however,itwas
possibhtopenetratea considerabtidistanceIntotheflutterregion
before~t~ StrSSSE!Swerereached.Asa matt@ofInterest,forthe ,
conditionsoff@re lo(d),itiSbelievedthatnoflutter=S obtained
althoughratherhighvibratorystresseswererecordedatsaw d the
resonancesencountered.Althoughdecreasingdensityhasabeneficial n
effectontheflutterstresses,thosestressesmeasuredduringresonances
arestillseveresuldoftheSeuue-of nlagnltudeastheflutter
stresses.

Theselatter data,whichIllustratetheresponseof a low-dampedsys-
temtoa periodicforcingfunction,pointq theproblemofInterpretation
ofdataobtainedtisuchtests.Inthecaseofresonance---
areshownInf@me lo(d),thefrequencyofoscillationstendtobe lnte-
~ multiplescftherotationalspeed;whereas,ina fluttercomdltlon,
thisIsnotnormaUythecase.Itisthusconvenienttohavea spectrum
plotofthetypeshounlnfigure9asanaldtilnterpretationofresults.

Thevibratory bendingstresses,whichwareobtainedatthesam time
asthevibratorytorsionalStreSSeSjustdiscussed,areshuwninf@re 11.
Several-or resonancepointsoccuralsoInthebendingrecords.These
maJorresponsesm foundtooccurwhenthenaturalft%quenciesofthe
bladescoincideapprodmatelywithintegralmltlplesoftheprope12er
rotationalspeed.Ingeneral,thebendingstressestendtobelowerthan
thetorsimalstressesInthisOperetlngrange● Also,thefluttermode
isprimsrllya tasionalfreqzencyh thisoperatingrangesincethe
~ *resUS do* -Iy definetheconditionfortheonsetof

●
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.
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flutter.Asinthecaseofthetorsionalstresses,thebendingstresses
~-a~ creasewithdecreasingdensi@forthe.speedrangeof
thetests.Atthelowerdensity,thereisalsoa tendenqforthemas-
uredbandingstressestobeluut?rforthebladewiththehigherdamping.

.

coIicImIoN8
.

An Investigationrelatingtotheflutteraethinprqpelk?rbhdes
withthreeUPferemtplanfcmmshasbqenconductadtithe folbwing
resultshavebeenO~d:

1. A highlytwisted2-percent-thickbladewasobservedtohave
ratherC- flutterboundariesandtoflutterinbendinK,tOrSiOn,
orbendin@acstonRIOdeS~ onItsoperatingCcnditimls. .

2.Baththeupperandlowerflutterboundariesweredeflnedfora
6-percent-thickbladeforwhichthel&chnunibereffectsa~ tolimit
thaextedaetheflutterreglo.n.!L!hiS@enmmon madeposslbkflutter-
freeoperationattipspeedscorrespondingtoaMachmmibercdapproxi-
mately1.0fomallbladean@es.

3. EUreasesintheminlmumflutter-speedcoefficientswerenated
farIncreasesInstrdmml a- -, h xi-, H damping.

k.hternalbladedamp~w asshowntobe~ beneficialin
reducingthemagnitudeofthevibratorystressesofa 3-percent-thick
bladeduringflutter.

5. At SC#lEreS~ conditiaw,stressesoftheS- * ofmag-
nitudeastheflutterstresseswareencoumhred.Thesestresseswere
alsolowerforIncreasedInternalbladedamping.

Ian@eyAeronautical Iabacatq,
HationalAdvismyCmmitteeforAercmautics,

LangleyField,Vs.,l+farch28,1~.
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(a) Mciiel1 (modelofpruposeasupemmic p3pelMr). Hubradius,
1.5 feet;_ thickne13s,2 ~cent; twisted31°fkcmrootto
tip(seefig.2).

l.q feet;

(C) MOd8h38 and3busedforstructuraldaqingandstressstudies.
Hubradius,l.= feet;bladethidU18SS,3 -cent; serotwist.

q L= Propellerflirtter-te6tblades.
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(a) p = 0.00079dug/cuft.

F@ma 83.-Flutter-speedcoefficlexrt as a functionofbbde angla.
Model1.
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(b) p = O.O@O slq@u

Figure3.- c~d.
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ubwT 0.82
+ .26
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4 0 12 16 20 24 28

Boat,*

* 4=- llutber-speadcoafficlant aa a functionofbladaangla
f= ~ *S OftheSOUd-_ COeffiC~. Ml 2j
p “ O=m slug/cllfi. . n
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I&l 9 ~w
I’igure5.-Machrnmiberatflutterasafunctiauofbladaangle

. f= three*8 oftbesound-speedcoefficlati.Modal2;
p = 0.002386111g/cuft.
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2.0 antrollable-pitchhub

I.0

0 e 16 24 32 40 46

Figura6.- ?luttar-spaedcoafflciemt as a function of bladaaqgla
fO??tWOVdllMOft~l~ -* CtiCbEt.. MOdd. 2j
p = 0.00238 lBlug/cuft.
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B’iewm7.- Vm?iatl=w

* 1000 * 2000 * 3000

Vlbratary twdanal etreu, lb/ln8

of torsional dmqring ocmffidant aa a fuucticmd vlbratcqtmniti P
erbrasafanxdelS3aana3b.
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I I O Solld blode, model 3a I

I Cl Lomlnoted. blode, model 3b
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hat ,*9

(a) p -0.00236 Iilllg/cu ft. (b) P - 0.~9 SW/OU ft.
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(a) p - o.otE3ed.ug/cll ftj p = 16°. (b) p -0.00238 slq& ftj ~ = ~“.

(c) p ● 0.00C59eilug/cum; p = ti.

lMgurClID.- vibIIBtCmytlmBiamlstress 8Sa funotica

o m law Mm
Rotanmdqad,lpm

(d) p - 0.00C59Slug/mlrt3 p -24°.

C&rotatimklmformulda 381w13b.
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(4 p -0.00238t31ug/ourt; p -16°.
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(b) P = 0.00&M sluglcu fbj ~ -24°. .
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